In a recent paper by the contribution of isolated cardiac muscle mechanics to the evaluation of ventricular performance was considered unrewarding and questionable. They proposed, instead, that ventricular performance be analyzed in terms of mean ventricular pressure and mean ventricular flow. Such an approach clearly distinguished changes in inotropism from changes in end-diastolic volume and showed a remarkable resemblance to roller pump mechanics. They finally proposed to solve the apparent differences between isolated muscle mechanics and ventricular performance by loading papillary muscles as if they were part of the ventricular wall. Many of the controversies in studies of isolated muscle mechanics and ventricular performance can indeed be ascribed to the nature of the loading, which is ejection for the ventricle and either isotonic or isometric contraction for the muscle strip. This view is not entirely new, however, since it was already suggested in this journal a few years ago by when they proposed to impose inertial forces on papillary muscle strips. Moreover, the idea of a loading feedback principle has been expanded more recently to include vascular impedance (Paulus et al., 1976 . When imposing these impedance loads on isolated muscle strips, the hypothetical sets of pressure and flow waves are similar to the pressure and flow waves that a ventricle creates when facing the same impedance. From these observations it is obvious that studies of papillary muscle reveal valid information on ventricular performance when it is loaded as a ventricular muscle and not as a striated muscle.
Reply to the Preceding Letter
In the paper by the pressure gradient between ventricle and aorta was emphasized as the driving force to overcome the inertia of the system. However, we think that the 0 3 7 5 u m temp 3S7°C 2-B 3.2 LENGTH(mm) FIGURE 1 A thin (375 fim diameter) trabecular muscle, loaded "physiologically," was stimulated at 120 beats/ minute. A different isotonic load was introduced every 15 contractions (beating) to avoid the gradually developing influence of the load on muscle behaviour (Parmley et al., 1969) . Left: a number of superimposed contractions as a function of time. Right: The same contractions displayed in an x-y diagram. Two identical "physiologically" loaded contractions are shown in the figure, one before and one at the end of the experiment, to show the stability of the preparation. three factors they claim to be responsible for this difference in pressure do not constitute an important part of the total arterial load. The approach followed by , who loaded papillary muscles with an R-C-R network (Westerhof, 1968) , provides a more direct solution when one wants to study isolated muscle in a way analogous to the whole heart.
In such studies not only the loading of the muscles is important but also the type of experiments performed. An example of one of the experiments we had in mind when we stated in our part of the controversy "... i.e. to study isolated heart muscle as if it were part of the ventricular wall," is given in Figure 1 . In this figure are shown force and length obtained from a number of contractions of a thin trabecular muscle, isolated from an adult cat, recorded as a function of time (left) and displayed in an x-y diagram (right). The experiment was designed to resemble closely the normal cardiac contraction with respect to: the stimulation frequency (2 Hz), the temperature (± 37°C), the contraction pattern (isometric contraction followed by shortening and subsequently isometric relaxation followed by lengthening), and the load (one of the contractions is loaded "physiologically"). This is just one example of a number of experiments which would be needed to use the muscle experiments as a building block to understand cardiac pump function. Other questions are for instance: Is the same pump function graph obtained with all sorts of loads or only with loads within the limited range of configurations as tested in our cardiac studies Westerhof, 1973,1979) ? What property of muscle or heart is responsible for the clear cut difference in the alteration of the pump function graph resulting from a change in end-diastolic volume and from a change in inotropic state? Is the end-systolic force-length relationship independent of the length at which the contraction starts?
These and similar questions need to be answered before we will be able to use isolated muscle experiments towards the understanding of cardiac pump function.
